Background: To report on five patients with decreased visual acuity due to glistening and severe sub-surface nano-glistening (SSNG) formation within their intraocular lenses (IOLs). Design: Case reports and analysis of extracted IOLs. Participants and samples: We report improved visual acuity when IOLs with severe glistening and SSNG were exchanged for clear IOLs in five patients. Methods: Case reports. Main outcome measures: The main outcome measure was visual acuity. The secondary outcome measure was light transmission. Explanted IOLs were subjected to investigation. Pre-and postoperative slit lamp images of the anterior eye and microscopic images of the extracted IOLs were taken and compared. Light transmission of the IOL was measured using a double beam type spectrophotometer. An integrated value of the percentage light transmittance in the visible light spectrum was calculated. Results: We report on five patients whose visual acuity improved when IOLs were exchanged because of severe glistening and SSNG. All of the affected IOLs were MA60BM (Alcon, Forth Wroth Texas, USA) and the original implantation had occurred over a range of 6-15 years prior to the IOL exchange. Light transmission was decreased in all affected lenses compared to a similar control IOL. Conclusions: Although only a few reports of cases in which glistening and SSNG have progressed to the level of decreased visual function have been published, the likelihood is that this phenomena will increase as the severity and incidence of these inclusions have been shown to increase with time. Appropriate evaluations of visual function in such patients are needed and consideration should be given to IOL exchange in symptomatic patients.
Introduction
Visual function in ophthalmology can be assessed using a number of methods, including Snellen acuity, contrast sensitivity, disability glare testing, visual field analysis, accommodative amplitude, and reading speed. However, the most commonly used simple method of assessing visual outcome in intraocular surgery is still visual acuity. Causes of decreased visual function due to IOLs, confirmed both in vivo and in vitro, are glistenings 1-3 and whitening. 4 The former term is given to fluid-filled microvacuoles within the IOL optic which appear to ''glisten'' as light passes through them. The latter refers to the clinical appearance from subsurface nanoglistenings (SSNG) of reflected white light due to light scattering as light encounters nanosized fluid filled vacuoles that occur at the anterior and posterior IOL surface. Whitening is widely recognized and reported in Japan. 4, 5 Considerable controversy exits regarding the extent of impact on visual function due to glistening and SSNG. The majority of papers in the literature have reported that these changes did not influence the visual function. [6] [7] [8] However, there are also reports that argue that glistenings and SSNG have led to such significant symptoms and/or visual function deterioration in selected cases which necessitated IOL explantation and replacement. [9] [10] [11] In this paper, we report improved visual acuity when IOLs with severe glistening and SSNG were exchanged for clear IOLs in five patients.
Methods
A retrospective chart review was undertaken to identify patients who had undergone prior IOL exchange for visually significant glistenings and SSNGs. The study adhered to the Tenets of the Declaration of Helsinki. Each subject was asked to provide informed consent before undergoing the IOL exchange procedure. Ethics Review Board approval for this retrospective study was obtained from the Bioethics Committee of Dokkyo Medical University in Japan.
Explanted IOLs were subjected to investigation. Care was taken to explant the IOL with the optic intact so as to allow for measurement of light transmission. Only cases with intact optics were included in this review. Pre-and postoperative slit lamp images of the anterior eye and microscopic images of the extracted IOLs were taken and compared ( Fig. 1 ; upper row is of preoperative photos, middle row is of postoperative photos, and lower row is of the explanted IOL). The extracted IOLs were immediately placed in physiological saline at 33°C to avoid any change in the severity of glistening and whitening. 12 Any lens capsule and tissue attached to the extracted IOL were removed while it was submerged in physiological saline at 33°C, and the IOL surface was examined under light microscopy (F23PL20WK; Optron, Kanagawa, Japan). Next, using a double beam type spectrophotometer (U-3000 or U-4100; Hitachi, Tokyo, Japan), light transmission of the IOL in physiological saline at 33°C was measured. All observations and analyses included an unimplanted MA60BM (Alcon) for comparison. An integrated value of the percentage light transmittance in the visible light spectrum (800-360 nm) was calculated (see Fig. 2 ).
Results

Case 1
A 29-year-old man with a history of uveitis related cataract had right cataract extraction with IOL insertion (Alcon MA60BM, +15.0D) in 1999. Postoperatively, corrected distance visual acuity (CDVA) was 20/25. In 2009, the patient presented with complaints of decreased right visual acuity; examination revealed a CDVA of 20/50. Severe glistening, severe SSNG, and minor secondary cataract were diagnosed on slit lamp examination. As the secondary cataract was considered to be minor and IOL exchange was recommended for the microvacuole inclusions, no capsulotomy was performed. The IOL was removed through a 6.0 mm incision and exchanged for a sulcus fixated IOL (UY-60SB, +14.0D; HOYA, Tokyo, Japan) at Miyake Eye Hospital (Nagoya, Japan) on April 21, 2009. One week after surgery, the visual acuity had improved as CDVA was 20/30. Slit lamp examination several months post-operatively revealed progression of the secondary cataract and a transparent IOL. On September 9, 2009, a YAG posterior capsulotomy was performed. Following this surgery, the right CDVA was 20/25. Light transmission of the explanted IOL was 85.0%, compared with 88.9% in the control unimplanted Alcon MA60BM IOL.
Case 2
A 77-year-old woman had right cataract extraction with IOL insertion (Alcon MA60BM, +25.0D) and vitrectomy for a macular hole in 2001. The patient complained of decreased right visual acuity in 2009, and the CDVA was found to be 20/100. Glistening and SSNG were observed in the optic on slit lamp observation. The IOL was extracted through a 6.0 mm incision on April 14, 2009 . During the surgery, although a rent occurred in the posterior capsule, the IOL could be safely placed in the bag; a VA-70AD (+24.5D; HOYA, Tokyo, Japan) was inserted at Yoshida Eye Hospital (Hakodate, Japan). Right CDVA improved to 20/50 after surgery. Visible light transmission in the explanted IOL was decreased at 78.2% (this case had the greatest amount of decreased light transmittance measured).
Case 3
A 53-year-old man, undergoing hemodialysis for chronic renal failure, had right cataract extraction with IOL insertion (Alcon MA60BM, +23.0D) and vitreoretinal surgeries for diabetic retinopathy in 1995. The patient complained of decreased right visual acuity in 2010; his CDVA was 20/25. Glistening and SSNG were seen on biomicroscopy but the posterior capsule was not apparent on slit lamp examination. The IOL was explanted through a 6.0 mm incision and replaced with a sulcus fixated IOL (UY-60SB, +21.5D, HOYA, Tokyo, Japan) at Yoshida Eye Hospital (Hakodate, Japan) on June 24, 2010. Two weeks after surgery, right CDVA was found to be improved to 20/20. Visible light transmission in the extracted IOL was diminished to 79.1%.
Case 4
A 62-year-old man, with glaucoma, had left cataract extraction with IOL insertion (Alcon MA60BM, +27.0D) and vitreoretinal surgeries for diabetic retinopathy in 1997. Several years after surgery, the patient complained of decreased visual acuity and CDVA was found to be 20/50. Glistening and SSNG were observed on examination, as well as a posterior capsulotomy. The IOL was explanted through a 6.0 mm incision and replaced with a sulcus fixated IOL (VA-70AD, +25.5D, HOYA, Tokyo, Japan), at Dokkyo Medical University (Tochigi, Japan) on March 25, 2010. One month after surgery, the left CDVA was improved at 20/32. Visible light transmission in the extracted IOL was decreased to 80.1%.
Case 5
A 63-year-old man had left cataract extraction with IOL insertion (Alcon MA60BM, +24.0D) and vitreoretinal surgeries for diabetic retinopathy in 2004. The patient began complaining of decreased left visual acuity in 2010. The left CDVA was measured at 20/32; glistening, SSNG, and a slight secondary cataract were diagnosed. The IOL was explanted through a 6.0 mm incision and replaced with an IOL in the bag (VA-70AD, +21.5D; HOYA, Tokyo, Japan) at Dokkyo Medical University (Tochigi, Japan) on June 3, 2010. One month after surgery, the left CDVA was 20/20. Visible light transmission in the extracted IOL was 76.7%.
Discussion
Although glistenings have been reported in IOL optic manufactured from all materials (silicone, hydrophilic acrylic and hydrophobic acrylic), they are most frequently seen in hydrophobic acrylic IOLs 1-3 , in particular those manufactured by Alcon. Globally, the Alcon hydrophobic acrylic IOL is one of most commonly implanted lenses; over 70 million Acrysof lenses have been implanted (source, Alcon Fort Worth, USA). This preference is due to the reported low rate of posterior capsular opacification (PCO) formation. 13 Whitening due to SSNG has only been reported in Alcon's hydrophobic acrylic IOLs. [4] [5] [6] All of the cases in our series were implanted with the MA60BM IOL (Alcon, Fort Worth, Texas); this lens is made of hydrophobic acrylic material, and has a sharp edge to the posterior optic surface.
Medical conditions have been reported to have an influence on the severity of the microvacuole inclusions (glistenings and SSNG's) [14] [15] [16] , in particular ocular inflammation, diabetes mellitus and glaucoma. Four of five of our patients were afflicted with one or both of these conditions. Several reports have described the effects of glistening and SSNG on visual function. Miyata 6 performed analysis 3 years postoperatively on Alcon hydrophobic acrylic lenses; he found that while surface scattering intensified with time in the MA60BM and SA60AT lenses, no effect was seen on visual acuity or contrast sensitivity. Similarly, Mönestam 7 and Hayashi 8 analyzed glistening by clinical grade classification and light scattering; they reported that although microvacuolar inclusions increased in frequency and intensity over the course of 10 years following AcrySof implantation, no effect on visual acuity or contrast visual acuity could be found, even in the most severe cases. Conversely, cases have been reported in which glistening formation occurs, fundus visualization becomes difficult, and extraction is necessary 9 ; Cases in whom YAG posterior capsulotomy was difficult because of glistening 10 , and cases in whom visual function is decreased due to pronounced SSNG have also been reported. 11 In our series, we have encountered five patients complaining of decreased vision in whom the IOLs contained severe SSNG and glistening formation. Light transmittance of the intraocular lenses explanted from cases 1, 2, 3, 4 and 5 was 85.0%, 78.2%, 79.1% 80.1% and 76.7% (respectively). Compared with the light transmittance of a control unused IOL of 88.9%; these values represent a decrease of from 4.4% to 13.7% in our patients. Previous published studies of light transmittance in IOLs have been performed on opacified IOLs. Light transmittance of PMMA IOLs with snowflake degeneration and calcification was found to range from 81.08% to 97.1%, and from 81.48% to 98.66% respectively. 17 When compared with these previous reports, the decrease in light transmittance in our cases is significant.
Interestingly, previous reports on light transmittance using AcrySof lenses with glistening and SSNG did not find any decrease 18, 19 and seem to contradict our findings. In their studies, an integrated sphere type spectrophotometer (Lambda 35 UV/Vis spectrophotometer, PerkinElmer Inc.) was used; however, we used a double beam spectrophotometer and this may explain the difference in findings. The integrated sphere method detects all the light transmitted through the IOL optic; thus, it measures both transmitted and scattered light (see Fig 3) . The double beam method detects only the light passing through the IOL optic which is convergent on the detector; thus, only convergent light is measured while scattered light is lost to measurement. The integrated sphere spectrophotometer measurements tend to be higher.
In our case series, the IOL with glistenings and SSNG was explanted and replaced with a new IOL. Visual acuity, visual function and patient satisfaction improved in all cases. As the only significant procedure performed was IOL exchange, we deduce that the decreased visual function in these five cases was caused by SSNG and glistening.
Of note is that all these cases were associated with other ocular conditions including uveitis, macular hole, or diabetic retinopathy, representing eye diseases that could affect retinal function. It can be argued that the decreased visual function may have been due to the other ocular pathologies present in these patients. Only an IOL exchange was performed and this resulted in an improvement in visual symptoms and visual performance; thus, confirming our suspicion that severe glistening and SSNG of the IOL was the main cause of the decreased visual acuity. It is possible that retinal pathology may have been the cause of the decreased visual function in our series of patients; however, as only an IOL exchanged was performed, then the vision should have not been improved.
Our case series of patients with Alcon lenses highlight the deterioration in visual function and, in particular visual acuity, which glistening and SSNG produce in patients. Our clinical experience supports the position that glistenings and SSNGs decrease visual function, since light transmission and visual acuity were found to be affected. This case series would support the role of IOL exchange for improvement of vision in similar cases, and would give cause for thought for IOL exchange in healthy eyes with severe glistenings or SSNGs that are associated with symptoms of poor vision and/or decreased visual acuity. The transmittance was measured from the difference between the control and the sample IOL light. This method detected only the light converged to the detector passes through the IOL optic. The scattered light is not detected. So the result becomes lower than the result using integrated sphere spectrophotometer. (B) Integrated Sphere Spectrophotometer. This integrated sphere detects all the light transmitted through the IOL optic. And, the scattered light is also detected. So the result becomes higher than the result using double beam spectrophotometer.
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